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FORENGED

This naper was opreparad by John ¥. Handin of ihe University of
California at Los Angeles and John C. Ludwick of the Scripps Insti-
tution of Oceancgraphy. The report appearsd din limited isgue as
Submarine Teology feport No. 8 of the Scrippns Institution of Ncoano-
graphy, University of California. It is believed that the results
of the investigations cutlined herein are of sufficient value to

merit publication at this time.

The opinicns and conclusions expressed by the authors are not necessarily
those af the Board,




Tne authority for publication of this report was sranted by
an ac¢t for the improvemont and orotection of beaches zlong the
shores of the United States, Publiec Law No. 16, 79th Conoress,

approved July 31, 19435,
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ACCRETION OF BEACH SAND BEHIND A DETACHED BREAKWATER

ABSTRACT

The preblem of sand transport by a longshore current is clarifisd by
observing the sffsct of' 4 brezlwater op this ourrent,

Sand samples ware collscted on a network [rom the beaches in the
vieinity of the breakwater ai Santa Monica, California. The distribution
of median grain sizes is evidence for a reduction ¢f the competence of the
longshore current. The history of shore lins changes discloses an accom-
panying reduction in the capacity of the current. A decrease in transport-
ing pover of the longshore current is correlated with & decrease in 4,
the littoral drift facter, so that § can probably be used as a qualitative
measure of the sand transporting power of longshore currents.,

The history of accreation indicates that a shore line changes position
in a direction toward syuililwium with respect to the forces acting on a
beach, Jiven encugh time, it is probable that the breakwater will beacome
connected to the mainland.

Introduction

A beach system is in sQuilibrium when there is a balance between sand
supply and ercosion such that the wolumes of material entering and lsaving
the system ars just equal, If the rate of srosion is greater than the
rate of supply, a beach retrogradss, and if the rate of ercosion is less
than the rate of supply, a beach progrades. The d=tached breakwater, con-
struchted at Santa Moniea, Califeornia, in 1933-34 (figure 1), decreased
grosion and caused acecretion in the lee of the btreskwater,

The Santa Monica Yuniclpal Pisr is located at & point on the shore
between the headlands of Santa Monica By. Upcoast {rom the pier the
shore ling sxtends 3 miles %o the northwesi, thence more than 30 miles
to the west. Downecoast from the pier the shore line extends alout 15
miles in a2 southeasterly direction to Tocky Point (figurs 2), Of rubble
stone construction, the breakwater is 2,000 fest long with 1ts southern
end directly seaward of the pier, Originally the hrealwater was 2,000
feet offshore and oriented parallsl to the shore line (approximatsly
northwest-southeast).

Investipgations of the breakwater and adjacent beaches have been made
by A. G. Johnson(5,6) of the Los Angeles City Fnzineer Offiee, and by the
Los Angeles District, Corps of Enginesrs(2). Grant and Shepard(4) pub-
lished a paper on shallow-water sediment-shifting processes which includ-
ed a discussion of sedimsntation behind the breakwater. J. W. Johnson(7)
made & model study of accretion behind the brealwater,



FIGURE |. AERIAL VIEW OF SANTA MONICA BAY, JUNE 22,1947, SHOWING
ACCRETION OF BEACH SAND BEHIND SANTA MONICA BREAKWATER,
{ PHOTO BY FAIRCHILD AERIAL SURVEYS, INC.)



The history of aceretion at Santa Monica is disglosed by successive
positions of the shere line (figura 3). The purpose of this investigation
s to interpret this history in tsrms of the physical processes which are
invelyed, inaoluding wave erosion and branspertation of sand by longshore
currents. The affect of the bottom Ywpography and the breakwater on wave
diffraction and refraction is indicated by diagrams based on diffracticn
and refraction ther:-r:.ff?,lﬂ)a Textural wvariations of the beach sands ars
used to test the theories,

The Oeneral Environment

The beach sand at Santa Monica is derived from the southern slopes
of the central and western Santa Monica Yountains and probebly in part
from the beaches northwest of the mountains, The source rocks are sand-
stones, shales, copglomarates, and basic volcanice, GSirsams draining
the mountains are short, intermittent, and have steep gradients. When
rainfall in the mountalins 13 of high intenzity the atreams become
torrential, BSince orientation of the shore line is such that approach~-
ing wave induce & net souihsrly current, sediment iz moved by lonegshore
currents downcoasi to the Santa Monica beaches from the points where the
streams debouch inta the seal?).

Wave trains that reach the southern Californis coast with sufficlent
energy to movs sand can be classified as to Bource inteo three categories:
swell from the MNerth Pacifie, arriving with desep-water heights of 3 to 6
feet and periods of & to 19 ssconds; swell from the southern hemisphere
with heights of 1 to 4 feet and perleds of 15 to 20 meconds; and swell
from a nearby generating area 75 to 100 miles offshors, arriving with
heights of 4 feet or more and periods of § ta 7 seconds. Less frequent—
ly, high wind waves are generated by local storms. Thess wind waves can
approach from almost any direction betwaen soubheast and northwest and
attain heights of 10 feet or more(2)., The waves which ocour most fre-
yuently are so refracted that they approach approximately normal to the
treakwater axis.

Sampling and Laboratory Procodurs

A network of sampling points was laid oub so that certain groups
of points would be located over eld beach zones. In order to lay ocut the
network in this fashiem the location of the old shore 1ines had to be as-
cettained from previous surveys of the Santa ¥onlca beaches (figure 3).

At each sampling point other Vhan on the foreshore approximately
500 grams of sand ware collected from a pit about three fest deep which
was dug to penetrate the upper wind-drifted sand. The samples thersfore
are probably more representative of the underlying old-beach material.
local sorting differences were largely eliminated by collecting inter-
grated samples from a &Jdnch stratipraphic interval at the bottom of the
pit. Samples collected from the foreshors were taken at points located
midway between the edge of the water and the crest of the berm, and were
collected I'rom the surflace becsuse of the prasence of wvery coarse sand
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immediataly bensath the eurface layer., Such samplas wors collecled by
tcaopiniz up Lhe surface laysr Urom an ursa of sz2veral suusre Test, This
tachnigue was smploysd bo collact muterial deposited by waves ogourring
gt the time of sampling.

Samplse were sun-idried and split % thres grams using a Jon=s
sample splitter. Median diameters were determined by using an Emery
gettling tups 3}, This method is =ore rapid than seivinp and prohably
comes closer to duplicating natural conditions of sedimenlation. Velues
are expregssed lo only Uwe significant figures btecause the combined =x-
perimental and "sampling prebabls error is on the order of 5 per centl®)

History of Shore Line Changes

Frior o conatmction of the brealwsater, the Santa Wenles shore
line had besn comparatively stable since the sarlisst reliable survays ﬂ-frj,
with the exception of 2 moderate advancs nesar the Santa Monica Municipal
Fier, 1Im 1933, immediately after construction mag undertaken, the shere
line behind ths Wrealwater bepan to advance. Cuccssgive positiens of
the mean high water line are sheown in Mure 30

Significant Tfacts of the shore lina changes include thz Tollgwing:

1, The point of maximam advanes of the 1935 shore line is
approrimstely opposite tho southzasi end of the hreskwater.
Thers has béen 2 progressive northward shift of the salient
to the present position opposite the center of the hreak-
watar,

The 1935 ghere lime Joins the pre-breakwater shore line at
a poink Just seyond the north ead of the ursaksater, Sub-
sequeniliy, prograding has occeurrad farthsr and larther to
the north., In 1248, bthe beach was prograding at 3 point

two miles north of Lhe breakwater,

]

3. twean 1946 and 1948 the shore line immediately southaast
aof Lthe salient roecedad,

During the history of scerebicn, the offlshnre contours advancad
rougnly parallel te the advancing shore line 5¢ that the offshors slope
remained conatant. There has oeen no appreciable changs in the position
of the Zi-{oot depih contour.

Texture of the Beach Sands

Median diameter of the sand dt =ash zampling boinl i85 pleited dn
figure 3, Majdimum, =tinimun, z2nd averaps values ol median grain sizs for
gach beach sone are Labulated in table 1. Uuring 1939 and 1940, desdp-
ing on the prograded beach behind the breskwater produced a2 shallow
lagoon. lredgings were pumped to 8 point on bhe beach 900 fest south-
east of the pier. Alter operations were dizcontinued the lapoon fillad

&



with {ine sand. Median diameters of sand samples collected from the la-—
peon were not ineludsd dn compuiting wvaluss in table 1.

TABLE 1

Summary of Beach Sand Jrain Sizas of
Samples Collected on 3 February 1949

Wedian DTdameters in mm.
Bemoh Lone Hax. Min, Average
Pre-breskvater zone
(pre-1%33) 0.45 0.24 0.36
1933-1935 zone o5 23 3
Karth of ssctor A: .39
1935-1946 2one L8 19
) South of sector A: = .29
Merth of santor A: + 37
1946-1948 Zons A6 2L
South of sactor A: « 30
loreshors
blebt 3, lq‘{l’g -31 ll"‘-‘ 023

Signilicant facts of the beach material as shown by figure 3 and
teble 1 includs the following:

1. There i3 a randem distrimtion of wmedian diameters of the
sands of the pre-breakwater beach.

2. (n subseguent beaches the distribution of median diamsters
indicates that a variation seriles exists(1l),

3. On the beach built batween 1933 and 1935, the coarsest
gand opecurs at the north, and bthere is a decrease in grain
size te the south. Finer saond occupises ths gite of the
laroon.



4o The samplss which represent the 1935-1046 ana 1046-1948
beaches show a random distribution of median diameters upcoast from
Sector A (the area of maximum median prain sise, arbltrarily designated
Sector A for convenience in refersnce, ses fisire 3. There is zn abrupt
inerease in grain size within Sector A, bot downeoast there is a gradual
decrease, To the neorth of Sector A, the averags median grain size is
gragtar than it is to the south.

5, On the ferashors of 3 Fabrusry 1949, median dlameters gradually
depreasze from Santa Moniea Canyon to the pier.

Discussion

The Corps of Enginesrs has been making use of the littoral drift
factor, 4, in studies of litteral transport in southern Califomia. The
Corps acknowledges that the validity of the eguation relating sand trans-
port to littoral forces has not besn proved through fisld investigations
or madel studies, However, Lhe Corpe considers the analysis of 4 factors,
as computed by this formunla, the most satisfacicory theorstical approach
to the correlation of lititoral drift and i%s gensrating forces thus fﬁr
derived. According Lo the Los Angeles District, Jorps of Engineersfz
W is defined as:

A =kwesin 2o
where
§ = littoral drift factor-total amount of sand movad in
litloral drift past a given point on the shore in

ong year by waves of a given pericd and dirsction,

w = wave work Tactor, total work done by all waves of a
given period and direction during an average ysar,

relative wave energy per unit length of wave crest

1]
1]

= snal low-waler wave ensrgy
‘desp-water wave enercgy

O = gngle batwsen & wave crest and the shore line or
betwesn an orthogonal and the normal teo the shore
line. The angle opens in the direction of the long-
shore current.,

k = a {aclor depending on dimensions, and a numbar of
upevaluated variables such az boltom 8lope and
roughngss.,

Owing %o the unknown magnitude of k, only relative valuss of Q may be

computed for points on the beach. Thus for comparative purpeses, k
is assumed to be constant and assumed to be unity. It is sasumad

8



that wave work (enerzy) is the impertant parameter in measurinc the

rate of littoral drift, The degp-water wave worl, w, must first bes con.
verted to wave work in Lhe breaker zone by multiplying by the coaffieiant
e, The longshore component of this work al & point on a wave crasi is
caleulated oy multiplying by sinec . It is then meltiplied by zos @ o
obtain the tetal longshors component of the werk along the wave crest,
{sine cose =% sin2ea ).

Plottad on figure 3 is a combined refraction and diffraction diagram
for waves prevalling at the time of sampling. The wave pariod and heicht
were observed, The deep-water wave direction (260°) was assumed to be
the most likely dirsction for waves of the observed period (% sec.) and
height (1 foot) pccurring at this time r::—i' ar(10). wave refraction
methods a5 describad by Munk and ‘Eraylor . and wave diffraction as
devaleped by Putnam and Arthur{l?) wers utilized,

Valuss of § at several points on tha shore ware computed using
values of e and ¢ measured from flgure 3, The coafficient of energy,
e, 1s caleculated by taking the ratio of the distance separating ortho-
gonals in shallow witer to the distance separating orthogonals in deep
water. The work faclor, w, has bean caleulated for -.rarimis periods and
directionz(13), This ‘dcb\:\r, w, has the value 0.75 {or the waves that
wara obtzlned on the day of sampling, The waluss of § are plottad
(fizure 3) as 2 [unction of distance along the beach. An additional set
of values of 4, kindly furnished by J. W. Dunham of the los Anpeles
idstrict, Corps of Englineers, is also plotted. These values are alge-
braic sums of 4 determined for waves of all probable periods and
directions of approach during an average yesar. Cnly one wvalus of the
avarage annual 4 is available for the eotire shore llne bstwesn the
breakwater and Banta Wonlea Canyon,

A pomparisen of the plots of median diamster of’ the foreshore sands
and 4, shows that & decrease in | is accompanisd by a degrease in grain
slze., Tnasmuch as § is a4 function of the longshore component of the
energy sontent of the waves, it is reasonable % suppose that competence
entd cupacity of the 'lmnbshﬂre currsnts decrease with dsgreasing values
of 4. With bthe propressive decrsase in capacity southward there is pro-
pressively mere deposition, and with bhe southward decrease 4n compebance
thers 15 & progressive Jecraaaa in prain aize. The [insst sand en the
foreshors, howsvsr, occurs at a point south of the breakwater and not
at the polnt of minimum @, The reason for this is that only the finesst
sand can be mowed throupgh ths zono of minimum wave action at bhe salient,
with the result that the sourse for Lhe tlowncoast beachos is 1imlted to
the finast sand.

Jince 4 inersuses from ths point of the salient scubhward, tut the
eguree of sand is insafficiant Lo b&lance the increase wave wrosion, the
zane iwmadiabely soutn ' the plsr is one of arssion, If no dand passed
the salisnt, the sand in this srosion zone would be coarsa-grained
since the finar sand would be removad [irst from whalever beach sxisted

-
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there, 1t seems probabls that [ine sand 1= deposited during times of
low waves and the beach ls= 2roded during times of high waves.

In Sector & there is an abrypt inerease in mean grain size for
the older heaches (1935-1946, 1946-1948, in ligure 3) but the average
annual § shows a marked decrsase. The explanation for this is believed
te be that only the finer part of the sediment load can be transported
through the zone of reduced wave turbulence, The coarser part is dropped
resulting in an increase in median grain size. Seuth of Sector A grain
sizz decreases wlth Q and the minimum prain size corrssponds o the
minimum value of 4.

The average texture of bthe older bsach sands is ceoarser than that
of the foreshore sands, bscause the hzight of tha wave prevailing at
time of sampling was less tharn avarage. Handin's waskly observations
over a perind of one year at the mouth of Sania lonica Canyon indicate
that the average annual wawve hsight is 2.8 fest. On the day of sampl-
ing the wave height at this peint was only 1 foot.

A brealorater creates what has been called a "wave shadow" (4, p.304)
in its lee. sctually, appreoaching wave fromts ara diffracted around
the ends of the breakwster, The diffraction patterns in flgure 3
indicats that all points on the shore leceive somg wave ensrgy and that
the reductlon in wave ensrgy is effective outside the limits of the
breakwater. Since the refracted waves approsch appreximately normsl Lo
the treakwater mesi of the Uime, the polnt of minimum wave energy on
the shore is usually opposite the center of the breakwater.

Construction of the breakwater began at the soubh end; accordingly
the site of initlal accretion was rnear the pler. At first, accretion
rasuylted because of reduced wave turbulence. At some later time the
confipuration of the shors line was such that thers was a tendency for
the wave fronts Lo produce local revarssl in the direction of the long-
shore current immedlately nerth of Lhe salient. Thareafter, the effsct
of the breakwater, or more direcily, the affact of the projecting
accreiion has been essentially the same as that produced by a groin,

The effect of this tendency for z local rsversal in bLhe direction
of the longshore current is to decelerate the dominently south-flowing
current. lewever, the amount of retardation in the "zons of reversal®
is not sufficient to reduce the wvelpcity of the surrent to 2erp. Thus
gome {ine sand is transported downcoast beyond thiz some and sven beyond
the salient., Probably there is no Peone of reversal:” the direction of
the current is adetermined from refraction and dif'fraction diagrams which
indicate only theoretdsal walues and do not necsasarily represent the
debails of the actual current pattern. For sxample, no allowanece is
made for Lhe existence of random sddies (rip surrents) in the flow, nor
i8 any check made in compubing the lonushore flgw to zae whether the
requirements of continuity are satisfied. In the gass alb hand, the
width of the surf zone iomedialely north of ths "zone of reversal®™ is
grzater than ths widin south of it. This cross.-ssctional arsa of the

10



currents ausocisbed with shsoa e Zuhwg rellsets the W Tarance 15
width., ‘Thus 1t seows probable thitt the larger vaZie= el anabl-1lowing
water masks the aprsront fondency for u pertli-flowing enreanl shizh
really exisis only 2 a Potardine ={fect,

Tikh the womplsotion of the braakpster, the poins of maximum zcere-
tion mizratad norttward in response Le the shil't in ths location of the
peint of =inimum wave energy. As ascoretlen prosrossed Lhe nrojecting
shore line became 5 more effective hacrier to littoral drift and more
gand was depositod on the upcoast beaches. Although the rate of azdvance
of the shore lims at bhe salient has decreasad, the rabe of total
aceretion has remained fairly constent, The volume of sand a.dded sach
year is simply distributed ovar 8 aaater distance aleng thz shors.

Tvsn snough bime, the beachss will become stabilized along & new
equilibrium allgmment feor the averapge wave conditions and tho avarace
rate of supply of dgtritus. AL Lhe preseni time, unhbalanced factors
in this envireament cohtinua bo canso shere line shanges in alirectien
toward the eyuililwium posilion.

For example, the ayuilibrium position for the shors line ¢f the
upcoast beach is paralisl to the pre—brealwater beach cn 4 lina in pro-
longation ol the breakwaler axis, Thus the upecast beach is prograding
toward this new stabile shore line, Il the saliant ultimately reaches
the breakwater, this bsach will prnzrade rapidly and the 1itbpral drift
will bypass the breagwater and replenish the sand-starved beaches to
the Boutheast,

By analogy to optics, » detachsd breakwater is probably an effective
barrier o waves if it is no longer than one wave langth. When tne
lencth of Ureakwater is mnly & fraction of 1ts dilstance offshore, di-
firacted and refracted wave ocrests have énough distanee to turn Uhroush
at least one quadrant, thareby propagating wave smerey sufficient to
mainitain sand in suspension amnd transit behind the braskwatser, 1In
this case pguilibrium is attained before the zalient reaches scuth of
Santa Monica. At Venlce, taliferniz, & shore line of equilibrium was
established before the accretion reachos the lrsakwater, Orlginally
‘this structure was about Lhe sume distunce of {shore as Lhe Ganta Moniza
Brealwater, bt it i only about £02 feet lonz. Heeently an arbificial
beach was bullt to within about 500 feel of the breakwalar., Waves
rapidly constructed a tombaln.

Left to itsell’, the Santa Yonlca Zreakwaler which was the same
distance offshore but is longer than ihe Venics Breakwatar, will nre-
tebly become connectad fo the malnlano.

Summary and Conclusions

The study of sand acoretion bahind the detached trealwater at
Santa Monica furnishea sevzral conclusisns pertineni to an understanding
of littoral processas. '
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e A 33dch sisoom 18 In eqinli meiom when ohmrs s a balance
Batwaen wand suoply and srcgion such that ths wlumes of
g berial enbtaring and leaving bhe sygtss zre Jjust squal,
1if' an unbalance is oegatad Uy She introductian of a4 dis-
turbing elsment into th: syslam, ensuing chanoes in Lhe
system procaed btoward 3 nev 2quilibrium posilion,

2. & detached breskwater is & disturbing alsment it it is
at least cne wave l=ngth long &nd AT 1t is close snough
ta shore to preduce &n apprsciable cemaction of wawe
energy in Lhe surl zong.

3. Median graln size ol the bogoh paml was ysed as an in-
tilcation of longshore current cemmetence. & correglation
was found betwesn wmain sizs and g, Lha litioral drift
factor , which sumyosts that commaterss variesz Miracily

4¢ The rzte of accrsiien var usad sz an indicalion of long-
shere: oareend capueity, merg is & oovrralLbion oslveen
rata of zoecroiion aml o which vplisy Sl nannad by

varigs dirsetiy vith <.

e The svidence Teon Jania "omied Srealyeber would seam to
verdly bhe azszsgmpiion wads regarding Lhe sand Lransport—
ing pewrar of lonrshors -.:urrents.-'-ﬁ}, that wave enerey
ig 4 nore imporiant pardameter than wawe heicht. Ih
adiitiunal, this svidancs confirme, in true szale, the
rasulis of model expsriments whizh previsusiy ol cated
a relation biztwean suntl <sovamant sad wges .1,1:-' (14
¥inally, tns exidencs Inuicules shal 'Sd I3iWtors) deifs
Tactor is probably justifisd as 2 quulltative mzasure
of ths transcorting power of tho 1ilboral currents,
since both zompelence and eapacilty of ke lonzshors
currents appsar lo wary oirsctly with <.
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